The present research was carried out in Lake Sattal, Central Himalaya, from 2011 
Introduction
The Lake Sattal lies at about 1286 m above sea level at 29°20′52″N latitude and 79°31′55″E longitude. Lake Sattal is situated about 20 km far from Nainital. The word 'Sattal' is derived from the Hindi word, meaning seven lakes ('Sat' means seven and 'tal' means lake). The two basins of the lake form a V-shaped structure with different depths. The maximum depth of the eastern basin is 14 m while that of western basin is 20 m (Table 1. ).
The combined length of both basins is 1300 m with the maximum width of 190 m. The shoreline development is 3750 m. The combined surface area of both the basins is 0.04 km 2 and catchment area is 4.4 km 2 .
Alteration of landscape and waste discharge around the catchments of some lakes of Kumaun region were observed due to increasing population and intensifying tourist activities which lead to enhanced soil erosion and rapid sedimentation. Cultural eutrophication by input of nutrients through domestic effluents bared the signs of deterioration in water quality of lakes. Modern techniques have been used to control the internal ecological processes to maintain the health of lakes and to restore their status (Gupta and Gupta 2012) . Undoubtedly, concerted study is needed to check the deterioration in water quality of lakes. In view of these, many studies have been carried out in Kumaun lakes (Pant et al. 1979 (Pant et al. , 1981 Singh 1981; Singh et al. 1982; Sharma et al. 1982; Joshi 1983; Negi 1983; Pant 1990, 1991; Purohit and Singh 1985; Pant and Joshi 1987; Raina and Vass 1993; Gupta and Shukla 1996; Gupta et at. 1999; Shukla and Gupta, 2001; Nagdali 2002; Nagdali and Gupta 2002, 2003; Gupta and Bhagat, 2004; Bhagat and Gupta 2005; Gupta et al. 2010; Gupta and Gupta 2012) .
Although a huge amount of literature has accumulated on the limnology of Kumaun lakes, December, 2012. The first six months were devoted to review the literature, selection of sites in the lake and standardization of the methods. The remaining two years, i.e. from January, 2011 to December, 2012 were used to collect data on various parameters of water quality. Sampling sites: Lake Sattal has two basins namely Eastern and Western basins. One sampling site in each basin was selected in order to collect data for physico-chemical parameters of water (Fig. 1 ).
Thermal stratification of the lake was studied seasonally to determine the circulation period of the lake. Likewise, to determine the anoxia at mud-water-interface, the concentration of dissolved oxygen (D.O) was measured occasionally at mud-water-interface in the profundal zone.
Sampling: Sampling for most of the parameters were done at the monthly interval, however, for some parameters, samples were collected seasonally. All the samplings were done between 9.00 am and 11.00 am throughout the study period. For the analysis of various physico-chemical parameters, water samples were directly taken by hand in wide mouth polyethylene bottles. The concentration of dissolved oxygen (by D.O. meter or by Winkler's method) and free carbon-dioxide (by filtration method) were determined at the site after collection. For the analysis of other parameters, samples were transported these studies are mainly done on a few well known lakes. It is, therefore, necessary to initiate studies on remote lakes of Kumaun. Only fragmentary published information exists on the limnology of the Sattal Lake (Joshi 1983; Pant and Joshi 1987) . Moreover, these studies were conducted about 30 years back. Since the environment and level of eutrophication are changing continuously, it could be expected that physico-chemical parameters of the lake would have been also changed with the passage of time. Therefore, the main purpose of this study was to determine the changes in water quality of the lake in last 30 years. Besides these, attempts have also been made to determine the trophic status of the lake in order to decide the usefulness of the lake for fish production. A discussion on the quality of water for human consumption and other uses has also been made in the paper.
Materials and Methods:
This research was carried out for a period of two and half years from June, 2010 to 
Results and discussion
Temperature: The mean monthly temperature of surface water in two basins of the lake during two years study is shown in Fig. 2 . The pattern in seasonal variation was similar in both years. During first year (2011), the temperature varied from 15.8 ºC to 25.4 ºC and 16.2 ºC to 25.8 ºC in eastern and western basins, respectively. In the next consecutive year, it varied from 14.7 ºC to 26.4 ºC and 14.8 to 26.3 ºC in eastern and western basins, respectively.
As it could be expected, the temperature followed the pattern similar to the ambient temperature. Thus, the minimum values were always recorded during winters and the maxima were noticed during summer. The vertical distribution of temperature was studied from January to June and again in December, 2011 to find out the thermal stratification and circulation period of the lake. It was noticed that the lake underwent circulation during January-February and remained thermally stratified during rest of the year. The vertical distribution of temperature during circulation (January, 2011) and stratification period (June, 2011) is indicated in Fig. 3 .
As it is evident from the figure, the epilimnion extended from 0 m to 4 m depth. The metalimnion was 4 m thick and extended from 4 to 8 m water depth. The hypolimnion was comparatively thick and extended form 8 m to the deepest point of the lake.
Water transparency:
The water transparency determined by Secchi disc, ranged from to the laboratory under ideal condition (Wetzel and Likens 1979 (January, 2012) in the western basin of Lake Sattal.
1.6 m to 3.2 m in eastern basin and 1.1 to 3.0 m in western basin during the whole study period (Fig. 4) . In general, the values were lower during the rainy season and higher during the summer season. Although, two basins showed differences in Secchi disc reading on monthly basis, there was no significant difference between biannual mean values of transparency of two basins (2.3 ± 0.5 m each in both basins).
Turbidity:
The fluctuation in turbidity was quite high. It ranged from 0 to 16 FTU in both basins during the whole study period (Fig. 5) . On two years mean basis, the value of turbidity was greater in eastern basin (6.9 ± 5.45 FTU) as compared to western basin (6.0 ± 4.23 FTU); however, the two values were not significantly different. In general, the values of turbidity were lower during dry season and higher during the rainy season. Colour: The colour of the water was measured in platinum units as mg l -1 Pt. The values ranged from 0 to 22 mg l -1 Pt and 0 to 25 mg l -1 Pt in eastern and western basin, respectively (Fig.  6 ). On two years mean basis, the value of colour was greater in western basin (8.3 ± 6.44 mg l -1 Pt) as compared to eastern basin (7.1 ± 5.26 mg l -1 Pt); however, there was no significance difference between the two values. There was no any pattern in seasonality of colour values.
Alkalinity and hardness:
The values of alkalinity varied from 48 to 225 mg/l and 41.0 to 128 mg/l in eastern and western basins, respectively (Table. 2). On two years mean basis, the value of alkalinity was greater in eastern basin (87 ± 38.9 mg/l) as compared to western basin (84 ± 24.7 mg/l); however, there was no significant difference between the two values.
There was difference in the patterns of fluctuation of alkalinity during the two consecutive years in both basins. During 2011, the values were higher in summer season and lower during autumn and spring. In 2012, the values were greater during rainy season and lower during autumn.
The hardness of the lake water varied from 63 to 210 mg/l and 50 to 210 mg/l in the eastern and western basins, respectively (Table. 3).
On two years mean basis, the value of hardness was greater in western basin (106 ± 42.1 mg/l) as compared to eastern basin (104 ± 33.1 mg/l); the values varied significantly from one sampling occasion to another (p = 0.07). No any definite pattern in seasonality was discernible. The concentration of free CO 2 showed strong positive correlation (p = 0.006, r = 0.547) with hardness.
Free carbon dioxide (CO2):
The concentration of free carbon dioxide varied from 0 to 7.0 mg/l and 0 to 8.0 mg/l in eastern and western basins, respectively (Table 4) . On two years mean basis, the concentration of free CO 2 was greater in western basin (2.5 ± 2.6 mg/l) as compared to eastern basin (2.3 ± 2.5 mg/l); however, there was no significant difference between the two values.
In general, the values of free CO 2 were lower during summer season and higher during the winter season in both basins.
Hydrogen -ion concentration (pH):
The lake water was always alkaline in the eastern basin but the pH values occasionally dropped to neutral or slightly acidic in western basin (Table. 5 ).
The pH readings ranged from 7.6 to 9.0 with biannual mean of 8.2 ± 0.4 in the eastern basin and 6.9 to 9.0 with a biannual mean of 8.1 ± 0.7 in the western basin. The values of two basins did not vary significantly. There was no any pattern in seasonality of pH in the lake water.
Dissolved oxygen (D.O):
The dissolved oxygen in Lake Sattal was quite high. The concentration ranged from 6.4 to 11.5 mg/l and 6.2 to 11.5 mg/l in eastern and western basin, respectively (Fig. 7) . On biannual mean basis, the concentration of dissolved oxygen in eastern basin was 9.0 ± 1.5 mg/l while it was 9.1 ± 1.5 mg/l in western basin. Thus, there was no significant variation in dissolved oxygen concentrations of two basins. During first year, the concentration was higher in July through November and lower during January-February. During the next consecutive year, no pattern in seasonality was discernible.
At the mud-water interface, its concentrations ranged from 1 mg/l to 2.3 mg/l from January, 2011 to May, 2011. In the month of June, D.O at the mud-water interface was found to be anoxic. The presence of oxygen was again noticed in the later months.
Biochemical oxygen demand (BOD):
The BOD in the surface water was high. It ranged Biannual mean ± SD 8.2 ± 0.4 8.1 ± 0.7 from 1.4 to 8.3 mg/l in eastern basin and 1.1 to 8.0 mg/l in western basin during the whole study period (Fig. 8) . On biannual mean basis, the value was higher in eastern basin (4.8 ± 1.9 mg/l) as compared to the western basin (4.3 ± 1.9 mg/l). However, the difference was not statistically significant. In general, the pattern of seasonality was almost similar in both the basins. Usually, BOD values were higher during monsoon and lower during rest of the year. BOD was negatively correlated with dissolved oxygen in the lake but the correlation was not significant (r = -0.106, p = 0.473).
Nitrate nitrogen (NO3-N):
The concentration of NO 3 -N varied from 0.06 to 0.84 mg/l and 0.04 to 0.66 mg/l in eastern and western basins, respectively (Fig. 9) . In eastern basin, the maximum value was found in the month of March and the minimum in the month of August during 2011.
In the consecutive year, however, the pattern was different -the maximum value was found in the month of November and minimum occurred in December. In the western basin, the maximum concentration during 2011 was in March and minimum was found in February. In 2012, the maximum concentration was noticed in August while the minimum was recorded in May. The biannual mean concentrations in eastern and western basins were 0.32 ± 20 mg/l and 0.33 ± 16 mg/l, respectively.
Ammoniacal-nitrogen (NH4-N):
The concentrations of ammoniacal nitrogen in Lake Sattal varied significantly from one sampling occasion to another (p = 0.033).
In eastern basin, it varied from 0 to 0.65 mg/l while in western basin it ranged between 0 and 0.56 mg/l during the entire study period (Fig.  10) . On biannual mean basis, the concentrations of NH 4 -N were 0.20 ± 0.21 mg/l and 0.18 ± 0.18 mg/l in eastern and western basins, respectively. In general, the concentrations of ammoniacal nitrogen in both the basins were higher during August to November and lower during January to July.
Nitrite-nitrogen (NO2-N):
The concentration of nitrite nitrogen was very low in the lake. It varied from 0 to 0.08 mg/l and 0 to 0.07 mg/l in eastern and western basins, respectively during the two years study period (Fig.11) . On biannual mean basis, the concentration of nitrite nitrogen was higher in western basin (0.03 ± 0.02 mg/l) than that of eastern basin (0.02 ± 0.02 mg/l).
Thus, the water samples of two basins were not different with regard to nitrite nitrogen. In general, the concentrations of nitrite nitrogen in both the basins were higher during rainy and winter season and lower in rest of the year.
Phosphate-phosphorous (PO4-P):
The concentration of phosphate phosphorous ranged between 0.02 and 0.14 mg/l in eastern basin while it varied from 0.01 to 0.16 mg/l in western basin (Fig.12) . There was no any definite pattern in seasonal variation of phosphorous concentration. On biannual mean basis, the concentration of phosphate phosphorous was 0.06 ± 0.03 mg/l in eastern basin and 0.05 ± 0.04 mg/l in western basin.
Fluoride: The concentration of fluoride was analysed five times in a year. The concentration varied from 0 to 1.000 mg/l with biannual mean of 0.55 ± 0.31 mg/l in eastern basin and 0.080 mg/l to 1.000 mg/l with a mean of 0.39 ± 0.35 mg/l in western basin (Table 6 ). Table 7 Thus, the concentrations of iron and manganese were higher in western basin as compared to eastern basin, while the concentration of copper was higher in eastern basin as compared to western basin. The concentration of zinc was equal in both basins. Significant variation (p = 0.004) in seasonality of manganese concentration was observed in both basins of the lake. Solar radiation is the main source of heat to lakes. Most of the sun heat is directly absorbed by the water. Some absorption is also made by the sediment (Wetzel, 2001) . Heat is an important constituent of the water body which affects the metabolic activities of the aquatic organisms. Mainly it affects the breeding activities of organisms. The heat absorbing capacity of the lake also affects the microclimate of the area in which the lakes are situated. The high temperature of water during summer in Lake Sattal and low temperature during winters suggested that the lake stored sufficient amount of heat during summer and released significant amount of heat during winter. Hutchinson (1957) has classified the world lake into different categories depending on the time of thermal stratification and water circulation. On this basis, Lake Sattal can be classified as warm monomictic lake as the lake experienced circulation during winters and remained thermally stratified during rest of the year. Nevertheless, the thermocline was poorly defined. In both the basins, the periods of thermal stratification and circulation were same as both are connected with a broad channel.
Metallic contents:
Water transparency is an important feature of water quality and has ecological implications that cannot be ignored. Transparency of water is generally governed by falling light intensity, concentrations of dissolved substances, suspended solids, biomass and particulate matters, etc. About three decades ago when the lake was studied for the first time (Pant and Joshi 1987) , the water transparency was found to be 1.0 to 3.0 m. In the present investigation, the water transparency of the lake varied from 1.1 to 3.2 m. Thus, the transparency has not changed after a gap of three decades. The annual mean transparency of Lake Sattal (2.3 m) is higher than other lakes of Kumaun (Gupta, personal communication) . This could be attributed to low amounts of dissolved substances, particulates and suspended solids and biomass in water.
Besides, the higher transparency of Lake Sattal may also be due to low floodwater and surface runoff. Turbidity is a measure of the light scattering properties of water and describes how suspended particles or colloidal matter affect water transparency by obstructing light transmission. Inorganic or organic matter or a combination of the two is generally responsible for turbidity. Turbidity around 50 FTU is referred to as 'cloudy' and 100-500 FTU is designated as 'muddy' water. Prolong exposures at 25 FTU turbidity ton present in the water. Dark or blue-green colour is imparted by blue-green algae, yellowbrown colour is given by diatoms and red and purple colours are provided by zooplankton such as Daphnia or copepods (WHO/UNEP 1996 b). Colour of the natural waters can range from < 5 mg/l pt in very clear waters to 300 mg/l pt in dark peaty waters (WHO/UNEP 1996 a).
may cause stress to some fishes (Sedaghat and Hoseini 2012) . Lake Sattal can be categorized into clear water in terms of turbidity as the biannual mean values of turbidity in the lake were: 6.9 FTU in eastern basin and 6.0 FTU in western basin.
The colour of water is determined mainly by colour of particulate matter and colour of plank- ately productive lake.
The values of alkalinity were positively correlated (P < 0.01) with the rainfall data. This implied that surface run-off from the catchment contained substances which contribute to alkalinity. Bureau of Indian Standard (1994) has set a criterion of alkalinity for fisheries. According to BIS and US EPA, the alkalinity values in a water body ranging from 20 mg/l to 300 mg/l is believed to be suitable for fisheries and aquatic life. If this criterion is followed, Lake Sattal can be considered as a good water body for fisheries development.
The hardness of natural waters depends mainly on the presence of dissolved calcium and magnesium salts which are linked with bicarbonates, sulphites, carbonates, sulphates and other ions. It may vary over wide ranges.
The biannual mean value of hardness of Lake Sattal (104-106 mg/l in two basins) is comparable with the mean value of a nearby lake, Lake Naukuchiyatal in which 98 mg/l of hardness has been reported by Bhagat (2002) . The effects of hardness on freshwater fishes and other aquatic life appear to be related to the ions causing the hardness rather than hardness itself (US E.P.A. 1976). Many workers (e.g. Barett, 1957) have noticed that hard water lakes are generally more productive than soft water lakes. Desirable concentration of total hardness for fish culture generally ranges from 20 to 300 mg/l (Boyd and Walley 1975) . The biannual mean values of hardness of Lake Sattal varied from 104 to 106 mg/l for two basins which indicates the suitability of the lake for fish production. With regard to drinking water quality, hardness below 300 mg/l is considered portable; beyond this limit the consumption of the water causes gastrointestinal irritation (ICMR 1975) . In this respect also, the water of Lake Sattal is suitable for potable water supply.
Dissolved oxygen of the water is used in respiration by aquatic organisms. The main source of oxygen in the water is the photosynthesis performed by autotrophs, besides being diffused from the atmosphere into the water. It is an important water quality parameter that reflects Some data are available on the colour values of Kumaun lakes. Lake Nainital had the colour value ranging from 18 to 80 mg/l pt (Nagdali 2002) , while Naukuchiyatal lake had the values ranging from 5 to 50 mg/l pt with annual value of 27 mg/l pt (Bhagat 2002) . As compared to these lakes, Lake Sattal had quite low colour values (biannual mean for eastern basin = 7.1mg/l pt and for western basin = 8.3 mg/l pt). It was perhaps due to low suspended and dissolved impurities as compared to the other lakes of Kumaun. According to WHO/UNEP (1996 a) classification, Lake Sattal can be classified as clear water body. The exceptional high values of colour in the month of April could be due to high growth of plankton as this month usually received high light intensity and therefore high rate of photosynthesis.
pH of the water is mainly associated with the concentration of carbon dioxide, carbonate ions as well as other natural compounds. The carbon-dioxide in turn is related with the photosynthetic activity of organisms (Hutchinson 1957) . At a given temperature, pH specifies the degree of acidity and alkalinity of the water body and is controlled by the dissolved chemicals and biochemical processes in the water. The present water body remained alkaline almost throughout the study period. In the present study, free CO 2 showed negative correlation with pH which is a universal phenomenon. The alkaline nature of the water body throughout the study period indicated the productive nature of the lake (Wetzel 1975) . Phillipose (1960) has classified lakes into three categories on the basis of alkalinity values. According to him, low nutrient level lakes have alkalinity values ranging from 4 to 50 mg/l and are classified as low productive lakes. The lakes having alkalinity values of 50 to 100 mg/l are signified as moderately productive, whereas the lakes having alkalinity values ranging from 100 to 600 mg/l are assigned to highly productive category. The present lake with its biannual mean alkalinity values ranging from 83.5 to 87.2 mg/l (in western and eastern basins, respectively) can be called as moder-lakes is primarily controlled by the quality of surface runoff water and phytoplankton communities of the lake (Dillon and Rigler 1974; Tilman et al.1982; Peterjohn and Correll 1984; Woltemade 2000) . Increase in N and P input in aquatic ecosystems encourage the growth of algae. These nutrients strongly influence and limit the growth of phytoplankton and other aquatic plants in water. Due to this, serious degradation of aquatic ecosystem through algal bloom, high BOD, low dissolved oxygen, fish death and other effects have been observed which lead to loss of biodiversity (Vollenweider 1968; Schindler 1987; Smith et al. 1999; Nagdali 2002; Bhagat 2002) .
In the present water body, the NO 3 -N concentration varied from 0.04 to 0.84 mg/l with a biannual mean of 0.33 mg/l in two basins. These values are greater than the values (0.25 mg/l) reported by Joshi (1983) in the same water body about three decades back. This indicated that the level of eutrophication increased with the passage of time. Algal growth is generally stimulated and eutrophication is likely to occur in lakes where the concentration of NO 3 -N reaches more than 0.02 mg/l (WHO/UNEP 1996 a). Unpolluted natural waters usually contain only minute amounts of nitrate. Under natural condition, concentrations seldom exceed 0.1 mg/l. Since, the concentration of NO 3 -N in Sattal lake is more than the limit set by WHO/UNEP (1996 a), it can be expected that eutrophication may further increase in this lake in near future.
Nitrite is an intermediate stage in nitrogen cycle formed from nitrate or ammonium ions.
It is a product of nitrification process, governed by biochemical processes and microorganisms in water bodies. High level of nitrite is toxic to fish because it makes the blood incapable of oxygen transport. Fishes like salmonids are more prone to toxicity of nitrite than others (Russo and Thurson 1977) . In Lake Sattal the biannual mean concentrations of NO 2 -N were 0.02 ± 0.02 mg/l in eastern basin and 0.03 ± 0.02 mg/l in western basin. These data are comparable with the values of nearby lakes:
the physical and biological processes prevailing in the water. It is traditionally concerned by most of the limnologist because it may cause fish kills at low concentrations. Fish and other aquatic life require specific levels of dissolved oxygen to survive. Depletion of DO frequently occurs in most water bodies due to seasonal algal blooms. The amount of oxygen dissolved in the water changes with change in temperature. It is known that a concentration of more than 5 mg/l dissolved oxygen is required for the survival and good health of fishes (US EPA, 1976) . For the good health of cold water aquatic biota, a range of 6.5 -9.5 mg/l DO is suggested by WHO/ UNEP (1997) . In the present lake the values of DO ranged from 6.2 to 11.5 mg/l with biannual mean of 9.0 mg/l. This indicated that the DO concentration in the lake was optimum for the proper health of the fishes and other aquatic biota. In the present water body, no algal bloom occurred during the study period.
The biochemical oxygen demand of a water body indicates the level of organic pollution. According to ICMR (1963) , a level of more than 6 mg/l of BOD in a natural water body is indicative of water pollution. In the present water body, the biannual means value of BOD were 4.3 and 4.8 mg/l in eastern and western basins, respectively which suggested that the water body was not polluted. The concentration of dissolved oxygen and BOD showed inverse relationship (r = -0.106) in the present investigation which was usual.
Carbon dioxide is mainly formed by the respiratory activities by biota and is used in photosynthesis. The concentration of free CO 2 in the present investigation was found to be very low, sometimes absent during the spring and summers when algal activities usually remain high. This indicated high photosynthetic utilisation rate of carbon during these periods. During these periods, the concentration of DO was high as it evolved as a result of photosynthesis.
Much attention has been paid now-a-days on the nutrients level of water, especially nitrogen and phosphorous. Nutrients economy in the sediment into the water column after the death and decay of plankton. A concentration of 0.01 mg/l of phosphorous may stimulate the blue green algae to bloom (U.S. EPA 1976).
In the present water body, the biannual mean concentration of phosphate-phosphorous was 0.06 ± 0.03 mg/l in eastern basin and 0.05 ± 0.04 mg/l in western basin which were six times greater than the value needed to stimulate the growth of blue green algae. The concentration of phosphorous in Sattal lake can be compared with those of other lakes of Kumaun. In Lake Naukuchiyatal, the biannual mean concentration of PO 4 -P has been reported as 0.04 mg/l (Bhagat, 2002) and in Lake Nainital, it has been found to be 0.11 mg/l during pre-aeration and 0.34 mg/l during aeration period (Gupta and Gupta 2012) . Thus the concentration of phosphate phosphorous in the present water body was slightly greater than Lake Naukuchiyatal and markedly lower than Lake Nainital. The difference in PO 4 -P concentration among various lakes may be attributed to morphometric features of the lakes, besides the amount of phosphorous being externally supplied from the catchment (Edmondson 1961; Tailing 1971; Ahl 1980 and Smith 1986 ) and internally by the anoxic sediment.
In Lake Sattal, the peak values of PO 4 -P were observed during the monsoon months. Meteorological events such as the monsoon indirectly influence the temporal variation in the phosphorous concentration (Barnes 2002). A significant negative correlation (r = -0.37, p < 0.05) between transparency and phosphorous concentration in the lake showed that high concentration of PO 4 -P could result in low transparency due to increased growth of phytoplankton caused by phosphorous. The mean concentration of PO 4 -P showed no significant differences between the two basins. This could be due to small size of the lake and also because of the regular mixing of water of two basins. About three decades ago, the concentration of PO 4 -P in Lake Sattal was reported as 0.001 mg/l (Joshi 1983) . The biannual mean concentration of PO 4 -P during the present study has Lake Nainital and Lake Naukuchiyatal. In Lake Nainital, the average concentration of NO 2 -N was reported as 0.064 mg/l during pre-aeration and 0.146 mg/l during aeration period (Gupta and Gupta 2012) ; in Lake Naukuchiyatal, the average concentration has been reported as 0.04 mg/l by Bhagat (2002) . Thus, the values in Lake Sattal were quite low as compared to these two lakes of Kumaun. Nitrate and nitrite are interrelated with each other, as former is reduced to latter by microbes, and again latter is quickly converted back to former as it is less stable. Similar to the present observation, higher concentration of nitrate has been observed as compared to nitrite in most of the water bodies.
The concentration of NH 4 -N in the present water body can be compared with that of other water bodies of Kumaun. For example, in Nainital Lake its concentration has been reported as 0.12 to 0.27 mg/l (Nagdali 2002) , while in Lake Naukuchiyatal the concentration has been found to be 0.20 mg/l (Bhagat 2002) . Gupta and Gupta (2012) have reported the concentration of NH 4 -N as 0.58 mg/l during pre-aeration and 1.31 mg/l during aeration period of the Nainital lake. U.S. EPA (1976) has set a tolerance limit of NH 4 -N for humans and fish fauna. Accordingly, a concentration of greater than 0.5 mg/l and 2.5 mg/l are harmful to humans and fishes, respectively. In this context, Lake Sattal could be considered as safe for fishes and other aquatic organisms.
Phosphorous is an important water quality parameter and plays a key role in biological productivity in aquatic system. Its concentration is related with phytoplankton and macrophytes growth. It also provides information on the trophic status of lakes (Edmondson 1961; Vollenweider 1968) . Indirect effects of phosphorus can also be seen on the other biotic component of the ecosystem. Very low concentration of phosphorous can depress the phytoplankton growth and can eliminate the blooms (Dillon and Rigler 1974; Jones and Bachmann 1976; Smith 1982; Canfield 1983) . Phosphorous may be regenerated from the ments were lower than the limit set for drinking water quality by BIS (1991) . Concentrations of these elements are also related with the freshwater fish culture program. For example, the tolerance limit of freshwater fishes for iron is reported to be 2 mg/l, for copper it is 0.05mg/l and for zinc it is 0.5 mg/l. In Lake Sattal the concentration of these elements were less than the tolerance limits for fishes. Therefore, the water body can be regarded as suitable for fish culture program.
Fluoride is the chemical constituent of great health concern particularly for the development of teeth and bone. Nevertheless, its high intake adversely affects the skeletal tissues (bones and teeth). This process is called fluorosis. Data on fluoride concentration of some nearby lakes are available for comparison. In Lake Naukuchiyatal, its annual mean concentration has been reported as 0.15 mg/l (Bhagat 2002) . In Lake Nainital, its annual concentration has been found to be 0.96 mg/l (Gupta et al. 2010) . Thus, the annual mean concentration of Lake Sattal (0.39 mg/l) is considerably lower as compared to that of Nainital and higher than that of Naukuchiyatal. The recommended limit of fluoride in drinking water is 1.5 mg/l as per W H O and 1 to 1.5 mg/l as per Bureau of Indian Standard (BIS 1994) . In the present water body, the annual mean concentration of fluoride was within the prescribed limit of above mentioned two agencies.
The data on the concentration of several parameters of water quality were examined and compared with the Bureau of Indian Standard (BIS 1991 (BIS , 1992 (BIS , 1994 for human consumption and other uses and quality tolerances for fresh water fish culture. As per norms of BIS and Central Water Commission for drinking water, the lake water was also suitable for drinking after proper treatment and disinfection. The increased concentrations of phosphorous and nitrogen in water in the lake signify that the lake has become eutrophic. The periodic anoxia at mud-waterinterface strongly suggests that the process of eutrophication has recently started but with a slow pace. The most important and detrimenbeen found to be 0.06 mg/l. This is sixty times greater concentration than that of previously reported value. This marked increase in concentration in last three decades could be the results of changes in land use patterns, extensive land clearance, agriculture and suburban development in the catchment, etc. In addition, domestic sewages including waste water from households, detergents, human and cattle excreta, etc. might also increase the concentration of PO 4 -P in the lake.
Although low concentrations of metallic contents are essential for the aquatic life, their high concentrations beyond a certain limit may adversely affect the biota. The metallic elements may go into the sediments from the water or diffuse from the sediment to the overlying water depending on the oxic and anoxic situations at the mud-water interface. Iron and manganese are vital for biological productivity and to nutrient cycling particularly of phosphate. The mean biannual concentrations of iron, manganese, copper and zinc in the present water body were: 0.014 ± 0.025 mg/l, 0.003 ± 0.001 mg/l, 0.046 ± 0.071 mg/l and 0.162 ± 0.077 mg/l, respectively. These data can be compared with those of Lakes Naukuchiyatal and Nainital. In Lake Naukuchiyatal, the annual mean concentrations of iron, manganese, copper and zinc have been reported to be 0.10 mg/l, 0.05 mg/l, 0.24 mg/l and 0.11 mg/l, respectively, by Bhagat (2002) . In Lake Nainital, The concentrations of these metallic elements have been found to be 0.011 mg/l, 0.007 mg/l, 0.024 and 0.152 mg/l, respectively by Gupta et al. (2010) . Differences in the concentration of these elements from one lake to another may be related with several factors for example differences in the local geological condition in the catchment, oxic or anoxic conditions at the mud-water-interface and many other factors. The concentrations of some elements in the water bodies are also related with the portability of the water. For example, the desirable and the permissible limit of iron are 0.3 and 1.0 mg/l, of copper 0.05 and 1.5 mg/l while that of manganese are 0.1 and 0.3 mg/l. In Lake Sattal, the values of these ele-tal process of periodic anoxia may show its long term effect in near future. At present, the lake can be used for fish production by artificial culture as the quality of water is suitable. To check the anoxia at mud-water interface, urgent remedial measures should be undertaken as the lake is not only a tourist attraction spot but it can be used for drinking water supply to the local population and tourists. Some remedial measures to check further eutrophication may include checking soil erosion in the catchment, ban in bathing and using detergents, ban on cleaning utensils in the lake, etc.
